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PREFACE

In 1992, NIOSH researchers initiated an effort to collect data published by the manufacturers of
hearing protectors sold in the United Slates. The data included the mean attenuations and
standard deviations reported by the manufacturers on the labeling required by the Environmental
Protection Agency. It was intended that the outcome of this data collection effort would allow
assessment of the types and styles of hearing protectors availabie in the United States from
domestic and foreign sources. The data shown in this compendium are current as of July 1994.

The data sheets collected were published by 53 manufacturers for 241 different hearing
protectors. Of these, 108 were earmuffs, 30 were hard-hat mounted earmuffs, 86 were earplugs,
and 17 were semi-aural devices also referred to as ear-canal caps. Many devices are distributed
under various brand names, so that the total number of entries in the compendium is for 360
devices.

An informal focus group of audiologists, industrial hygienists, and occupational hearing
conservationists working in both private and public settings made suggestions about how the
compendium could be formatted to make k& informative and easy to use. As a result of their input,
the tables have been formatted to show listings for protector type, composition, features, and
compatibility. The test laboratories that performed the attenuation testing and manufacturer-
provided comments about special features of the hearing protectors are also listed. Full data sets
on each protector are included in an appendix, rather than in the body of the compendium, also
following a suggestion of the focus group.

The authors hope that this compendium allows those who must select hearing protectors to
prevent noise-induced hearing loss to do so in a more informed manner.
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INTRODUCTION

This is the third compendium of hearing
protection devices developed at the National
Institute for Occupational Sefety and Health
(NIOSH). The first compendium was published
in 1975 as a NIOSH technical report (Kroes et al.,
1975). 1t listed mean attenuations and standard
deviations for various hearing protectors along
with methods for determining the effective
protection provided at each of the test frequencies.
The second compendium, which was published in
1984, listed similar information and was updated
to reflect the newer test data available (Lempert,
1984). The 1984 compendium also provided the
Noise Reduction Rating (NRR) for each protector.
The NRR was calculated according to the method
described in the Environmental Protection Agency
Hearing Protective Devices Labeling Regulation
(EPA, 1979). An additional compendium of
hearing protection devices was published
independently in 1988 (Gasaway, 1988). The
Gasaway compendium published the NRR for
each hearing protector and also listed features that
were considered helpful to the person selecting
hearing protectors.

This third NIOSH compendium serves
as an update to the prior compendia, but greatly
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expands the information available for each device.
The average attenuations and standard deviations
are again included along with listings of features
for each device. These features are divided into
categories such as style, composition materials,
and competibility with other safety equipment and
with various work environments.  These
manufactiurer-reported data have not been verified
by the authors, but have been merely collected and
reprinted as a resource.

In addition to the NRR, other rating
values are reported as calculated in accordance
with ISO 4869-2 (1992). Compendium users
outside of the United States will find rating
systems that may be in use in their respective
countries. Compendium users in the United States
may use the descriptions and results of other
rating systems to gain an understanding of what
the ratings mean and how a given rating value may
be translated to protection from harmful noise.

NOISE CONTROL AND HEARING

PROTECTION
The purpose of an occupational hearing
conservation program is to prevent hearing loss
due to exposure to occupational noise. The most
effective method of preventing noise-induced
hearing loss is to remove the noise from the
workplace. The NIOSH Noise Criteria Document

(1972) established control of workplace noise as
a first priority and recommended that hearing
protectors be used until the noise was controlled.
Suter and Franks (1990) reiterated the premise
that noise control is of primary importance,
stating, "When noise control is not feasible, or
until controls can be installed, other aspects of the
hearing conservation program must be
emphasized.”

Hearing protectors are one of the "other
aspects” of the hearing conservation program.
The use of hearing protection along with annual
audiometry, noise monitoring, employee education
and motivation, and analysis of hearing
conservation database recards can be an effective
interim solution, but should never be viewed as
the primary means for preventing occupational
noise-induced hearing loss. This is because there
are many human factors that influence the
effectiveness of hearing protection in preventing
noise-induced hearing loss; and thus the
effectiveness must be monitored individually for
each worker. However, noise controls are an
objective way of preventing noise from reaching
the ear in the first place; therefore, all that needs to
be monitored is the effectiveness of the control.
Noise controls are thus more protective of hearing
and more easily monitored than hearing protection
devices.

INFORMATION IN THE
COMPENDIUM

Information was provided to NIOSH by
53 manufacturers and/or distributors of hearing
protection devices sold in the United States as of
December 31, 1993. This represents 100% of
total manufacturers and/or distributors with
hearing protection devices on the market at that
time. The data on each device provided by these
suppliers included company name, make, model,
type, material, special features, average
attenuation values and standard deviations for test
frequency octave and one-third-octave bands from
125 Hz to 8000 Hz, and the laboratory that
performed the attenuation study as specified in
ANSI $3.19-1974.

Data were provided for 241 different
devices. Of these, 108 are earmuffs; 30 are hard-
hat-mounted earmuffs; 86 are earplugs; and 17 are
serni-aural devices (sometimes referred to as ear
canal caps). In those instances when a device is
distributed by more than one supplier, it is listed
separately for each supplier. Also, when a
protector can be worn in more than one position
on the head and when test results were provided
for each position, the device is listed with
corresponding attenuation values and standard
deviations for each position. Therefore, although
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there are 241 devices reported, a total of 360
entries appear in the various tables and Appendix
D of this compendium.

HEARING PROTECTOR TEST
METHODS

The method specified by the EPA for
determining the amount of noise attenuation that
a hearing protector provides is based on
subjective tests of protectors as worn by listeners
rather than objective tests from an
electromechanical device. The actual test method
is called real-ear-attenuation-at-threshold
(REAT), and the techniques for measuring REAT
are specified in ANSI S3.19-1974, "Mesasurement
of Real-Ear Protection of Hearing Protectors and
Physical Attenuation of Ear Muffs.* ANSI §3.19
requires that auditory thresholds be obtained from
a panel of 10 normal-hearing listeners sitting in a
diffuse random-incidence sound field. The test
signals are pulsed one-third-octave bands of noise
with center frequencies of 125, 250, 500, 1000,
2000, 3150, 4000, 6300, and 3000 Hz
Thresholds are determined with the listeners’ ears
open and with their ears occluded by the hearing
protector under test. The difference between the
open-ear threshold and the occluded-ear threshold
at each frequency is the REAT for that frequency.
Each listener is tested three times with ears open
and three times with ears occluded. The REATSs
for all 10 listeners are arithmetically summed and
the mean attenuation is calculated for each test
frequency. Since there are three REATS at each
test frequency for 10 listeners, the average is
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calculated by dividing the grand total by 30 to get
the grand mean. The standard deviation is also
calculated for each test frequency using the
number 29 ( n-1 from the formula for the standard
deviation of 8 sample, where n is the number of
samples) as the denominator, as if 30 separate
subjects had provided one REAT each for each
test frequency.

When REAT is being determined for the
purpose of labeling hearing protectors according
to EPA labeling requirements, the protector is
fitted into the ear or placed on the head by the
experimenter to obtain maximum protector

. Technically, the "experimenter-fit"
described in ANSI S3.19 and adopted by the EPA
does in fact permit the test subject to fit the
protector himself (using a fitting noise to adjust
the device for maximum attenuation) provided that
the experimenter personally checks each
installation for good fit and acoustic seal and
reinserts or readjusts the protectors as he deems
necessary. In practice, however, the EPA has
determined that "experimenter-fit* shall mean that
the experimenter always personally fits the device
under the test. All of the attenuations and standard
deviations reported in this compendium were
determined from REATs in accordance with
ANSI 83.19.

At this time, newer American and
European standards (which are discussed below)
may not be used for hearing protector labeling
purposes in the United States. Whether the newer
methods may be more relevant to actual hearing

protector performance in real-life use situations

has not been tested. However, there are no
restrictions that prohibit the display of the results
of other test methods and the resultant ratings. At
this writing, the three largest U.S. hearing
protector manufacturers were preparing to publish
the results of at least two other test/rating methods
along with the NRR.

The current American National
Standards Institute's method for determining
REATS for hearing protectors is ANSI S12.6-
1984, "Measurement of the Real-Ear Attenustion
of Hearing Protectors.” This standard, which
replaced ANSI S3.19, allows more freedom in
setting up a diffuse sound field, defines sound-
field noise-burst audiometry with greater
precision, and is more explicit in its details about
how audiograms are 1o be read and analyzed
(particularly in the areas of pairing open and
occluded thresholds)  S12.6 requires an
experimenter-supervised fit in which the listener
fits the hearing protector while listening to a
fitting noise and while gaining insight from the
experimenter on optimum fitting techniques. The
experimenter does not physically touch the
protector or the listener after the final fitting,
Calculations of mean REAT and standard
deviations are identical to the earlier standard.
Since ANSI 12.6 - 1984 was adopted after the
EPA hearing protector labeling laws were written,
and sinoe the EPA regulations made no provision
for adopting newer standards, the older S3.19
method must be used when testing hearing
protectors for EPA labeling purposes even though
$12.6 is the most current methodology.

The European community also relies
upon: the REAT for determining hearing protector
attenuation (ISO 4869-1, 1990). However, there
are differences in methods. The number of
subjects required is 16 rather than 10 and each
subject is tested only once with ears open and
once with ears occluded to produce one REAT at
each test frequency. In addition, 4869-1 relies
upon a subject-fit in which the listeners fit the
hearing protectors using a fitting noise to adjust
the protectors for best perceived attenuation, but
without feedback from the experimenter. Because
of the lack of coaching by the experimenter, when
hearing protectors are tested for European
markets, the reported REATSs are usually lower
than when they are tested for distribution in the
United States.

RATING SYSTEMS

The mean attenuations and standard
deviations as reported by hearing protector
suppliers were used to calculate all ratings of
protector performance according to the various
methods. In earlier compendia, the Q values were
calculated. Q values were essentially the linear
average pure-tone attenuation at each frequency
(determined according to ASA 224.22 - 1957, the
REAT standard which preceded ANSI §3.19)
plus the A-weighting for that frequency, minus 2
standard deviations to allow for variability in the
measured data. However, they were difficult to
apply and have not been commonly used since
the NRR became codified by the EPA Hearing
Protective Devices Labeling Regulation (EPA,
1979) and the Hearing Conservation Amendment
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to the Occupational Noise Standard (OSHA,
1983). Therefore, Q values are not reported in
this compendium.

The NRR is a single-number rating
method which attempts to describe a hearing
protector based on how much the overall noise
level is reduced by the hearing protector. The
NRR is described in 40 CFR Part 211 EPA
Product Noise Labeling Law, Subpart B Hearing
Protective Devices, and was adapted by the EPA
from Method 2 in the first NIOSH Compendium
(Kroes et al, 1975). The formula for calculating
the NRR is

8000
NRR =107.9dBC - 10 log Z 10 1v*PVe) _3 4B,
=125

where L ,pis the A-weighted octave band level
at frequency f of a pink noise spectrum
with an overall level of 107.9 dBC, and

APVgs is the mean attenuation value
minus 2 standard deviations at frequency
f (2 standard deviations accounts for
98% of the variance in a normal
distribution).

The equation can be broken down into

the steps shown in Table A.1.1 (Appendix A-1).

The NRR assumes a background of pink noise

with octave-band levels of 100 dB. The

-corrections for the C-weighting scale are then
subltracted to compute unprotected C-weighted
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octave-band levels at the ear. These octave-band
levels are logarithmically summed to obtain the
overall sound level in dBC at the unprotected ear,
this value is the first term of the equation and is
always 107.9. The comections for the A-
weighting scale are then subtracted from the pink-
noise octave-band levels to compute the A-
weighted octave-band levels at the ear. The
average atienuations minus twice the standard
deviations are subtracted from the A-weighted
octave-band levels to compute the protected A-
weighted octave-band level at the ear. The
adjustment of 2 standard deviations theoretically
provides an NRR that 98% of the subjects will
meet or exceed, provided that the wearers use the
hearing protection device the way laboratory
subjects did and that the subjects were a
reasonable anatomical sample of the user
population. The protected A-weighted octave-
band levels at the ear are then logarithmically
summed to calculate the overall protected A level.
The NRR is computed by subtracting 3 dB from
the difference between the unprotected C-
weighted and the protected A-weighted levels at
the ear. The 3 dB factor is a correction for
spectral uncertainty to account for whether the
pink noise used in the computation realty matches
the noise in which the hearing protection device is
worn.

The NRR is intended to be used to
calculate the exposure under the hearing protector
by subtracting it from the C-weighted
environmental noise exposure level (see Appendix
A-1). Thus, if a protector has an NRR of 17 dB
and it is used in an environmental noise level of

95 dBC, the noise level entering the ear could be
expected to be 78 dBA or lower in 98% of the
cases. An alternative use of the NRR is with dBA
data. Although not intended for use with dBA
measurements, the NRR can be applied if 7 dB is
subtracted from its value.

In Europe, new rating systems (ISO,
1992) have been adopted which may have as wide
a use there as the NRR has in the United States.
The systems are the Single-Number Rating
(SNR), the High-Middle-Low (HML) rating, and
the Assumed Protection Value (APV). These
methods are based on REATs measured according
to ISO 4869-1 (discussed above) for one-third
octave bands in octave steps from 63 to 8000 Hz
(when data for 63 Hz are not present, the
summation occurs from 125 to 8000 Hz,) All of
these methods provide the user the option of
selecting a protection performance value which is
an indication of the percentage of test subjects that
achieved the specified level of noise reduction.
The protection performance is computed by
subtracting a multiple of the standard deviation
from the mean attenuation values. The most
commonly utilized protection performance value
in Europe is 80%, which is computed by using a
multiplier of 0.84 with the standard deviation
values. However, in this document, a protection
performance value of 98% (computed by
multiplying 2.0 times the standard deviation) is
utilized for all SNR, HML, and APV calculations
in order to make them more directly comparable
to the NRR values. It should be stressed, though,
that these methods allow the user to select a
protection performance level other than 98%, and

the ratings can be recalculated from the data
provided.

The SNR is calculated much like the
NRR, except that the values used may vary with
the selected protection performance value and
there is no 3 dB spectral correction factor. The
method for calculating the SNR is presented in
Appendix A-2. The SNR differs from the NRR
further in that the base spectrum for calculation is
made of octave-band noise levels that sum to 100
dBC, rather than octave-band noise levels of 100
dB that sum to 107.9 dBC. The SNR considers
attenuation only at the octave center frequencies
and does not include the third-octave center
frequencies of 3150 and 6300 Hz. The octave-
band levels are also adjusted by the A-weighting
correction factors and summed to a value of 98.5
dBA. The mean attenustion value for each
octave-band minus the standard deviation for that
octave band times a multiplier for the protection-
performance level is subtracted from the A-
weighted corrected octave-bend levels to calculate
the APV for each band. The sum of the APVsis
subtracted from 100 dBC to calculate the SNR.
The SNR may be subtracted from the
environmental noise level in dBC to predict the
effective A-weighted sound pressure level under
the hearing protector. Thus, if a hearing protector
had an SNR of 16 dB and was used in a noise
level of 95 dBC, the effective A-weighted sound
pressure level under the hearing protector would
be assumed to be 79 dBA.

The HML method is a different rating
system altogether, in that it provides three
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numbers to describe hearing protector attenuation,
Which number will be used for a given instance
depends upon the noise from which protection is
sought. The HML method has a number to
describe the low-frequency attenuation (L value),
the mid-frequency attenuation (M value), and the
high-frequency attenuation (H value) of a
protector. These numbers are calculated by taking
into account typical industrial noise spectra. In
the early 1970s, NIOSH collected noise specira
from a variety of industrial locations and
developed the NIOSH 100 noises (Johnson and
Nixon, 1974). The noise-spectra array was
reduced to 8 spectra for calculation of the HML
based on the difference between the calculated
dBC and dBA level for each noise.

As with the NRR and SNR values, the
mean attenuations and standard deviations for
calculation of the H, M and L values are provided
by the manufacturer. To use the values, the
environmental noise level in dBA is subtracted
from the environmental noise level in dBC to see
which rating is appropriate.. If the difference
between the dBC and dBA levels is equal to or
greater than 2 dB, the mean of the M and L values

is used according to the equation:
(M-L)
M- ———+ (dBC-dBA-2dB)
8

If the difference is between 2 dB and -2 dB, the
mean of the M and H values is used according to
the equation
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(H-M)
M- ———— + (dBC-dBA-2dB)
4

The HML method allows selection of a
hearing protector so that it can be effective for the
frequency range where it is needed most. For
example, suppose an earplug had an H rating of
25 dB, and an M rating of 18 dB, and an L rating
of 13 dB. If the environmental noise level was 95
dBC and 92 dBA, the dBC - dBA value would be
3 dB. The average attenuation would be
calculated from the M and L values, 18 - (18-
13)/8 * (95-92-2) =11.25. So the exposure level
at the ear from the protector would be 95.0 -
11.25 = 80.75, which rounds to 81 dBA, The
method for calculating the HML is presented in
Appendix A-3.

The Assumed Protection Values (APV)
are caloulated for each test frequency by
subtracting a coefficient multiplied by the standard
deviation from the averaged attenuation. The
coefficient varies depending upon the protection
performance desired ~ For a protection
performance of 84%, the coefficient is 1.0; for
80%, the coefficient is 0.84; and for 98% the
coeflicient is 2.0. The APVs are used in the
calculation of the SNR and HML, and they may
also be used frequency-by-frequency for a direct
calculation of octave-band noise reduction. In a
typical application, one would examine the noise
spectrum to find the frequency regions with the
most energy and then find a hearing protector with
adequate AP Vs for those frequency regions so that
the resultant overall dBA level at the ear would be

safe. The method for calculating the APV is
presented in Appendix A-4.

STRUCTURE OF THE
COMPENDIUM - TABLES

The data for this compendium are
presented in three tables and four appendices.
Tables 1-3 present each device type listed
alphabetically by supplier. Included are the make
and model, type, material, compatibility features,
special features, the test laboratory used by the
supplier, and the noise reduction rating (NRR) as
calculated by NIOSH using the EPA formula and
the manufacturer’s supplied data. In the feature
columns, a bullet (M) is shown if a device has that
feature and a space is left if it does not have the
feature. All of the feature information was
provided by suppliers and no independent check
for accuracy was performed.

Table 1 conteins the listing for earplugs.

The first feature set indicates style: premolded
(number of flanges or conical), user-formed,
custom-molded, and expandable. The next feature
set indicates the composition of the device:
silicon, vinyl, foam vinyl, foam urethane, mineral
wool, thermoplastic ¢lastomer, waxed cotton, or
hard acrylic. Other distinguishing features are
then listed: color coding, availability of safety
cord, disposability, level dependency, provision of
insertion device or protective case, and provision
of instructions for care. Compatibility of wear
with other safety devices is listed as well such as

hardhat compatibility, respirator compatibility,
welder's hood compatibility, usability in confined
spaces, protective clothing hood compatibility,
and compatibility with safety eye wear. Unique
features are listed as comments, including metal
detectability, presence of a metal or non-metal
acoustic filter, specialized uses (such as musician
or HI-FI), and particular devices with which it is
designed for use. The remaining entries on the
table include the laboratory that performed the
testing for the NRR and the NRR itself

Table 2 shows the listing for ear canal
caps. When different positions for wear or use
exist for a device, two or more entries appear.
The position column indicates whether the
headband was over the head, behind the neck, or
under the chin. The first feature set indicates
style: no flange or conical. The second set
indicates composition of the canal piece: silicon,
vinyl, foam vinyl or foam urethane. The only
features presented are padded headband and
instructions for care. Compatibility of wear with
other safety devices is listed, including hardhat
compatibility, respirator compatibility, welder's
hood compatibility, and usability in confined
spaces. The remaining entries on the table include
the laboratory that performed the testing for the
NRR, a comment field, and the NRR.

Table 3 shows the listing for earmuffs.
When different positions for wear or use exist for
a device, two or more eniries appear. The
position column indicates whether the headband
was over the head, behind the neck, under the
chin, or designed for attachment to a helmet. The
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first feature set indicates composition of the
headband and muff cushions: foam-filled

cushions/metal headband, foam-filled
cushions/plastic = headband, liquid-filled
cushions/metal headband, liquid-filled

cushions/plastic headband, foam-filled cushions
combination plastic and metal headband, or foam
cushions on the hard hat. The second set indicates
special features including color coding, active
noise reduction, communication headset, level
dependency, foldable headband, earmuff with a
strap, and provision of instructions for care. The
third set indicates compatibility of wear: hardhat
compatibility, respirator compatibility, welder's
hood compatibility, usability in confined spaces,
protective  clothing hood compatibility,
compatibility with safety eye wear, and visor
compatibility, Additionally, the comment column
in Table 3 indicates which earmuffs are designed
for backband wear only, have an acoustic filter,
are battery operated, are wireless, have a 2-way
radio, or are noise- or voice-activated. If
indications are made that the earmuff is part of a
communication headset, comments include
microphone types, volume control features, and
compatibility with aircraft communication
systems. Comments are also made if the earmuff
is for use in combination with another hearing
protective device. The remaining entries on the
table include the laboratory that tested the earmuff
and the NRR itself.
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STRUCTURE OF THE
COMPENDIUM - APPENDICES

Appendix A. The complete formulae
and methods for calculating the NRR, the SNR,
the HML, and the APV ratings are presented in
Appendix A. The formulae and methods are taken
directly from the appropriate standard or
regulation. The information in Appendix A will
be useful to those who must consider new
protectors not listed in this edition of the
compendium. Appendix A will also be useful to
those developing new attenuation and standard
deviation values for new hearing protection
devices or using different test protocols for testing
hearing protectors.

Appendix B. A variety  of
laboratories were used by the suppliers to provide
the test data. A directory of test laboratories is
provided in Appendix B. The E®A®R-CAL
Laboratory of Cabot Safety Corp and the Auditory
Systems Laboratory at Virginia polytechnic
Institute and State University have NVLAP
(Nationa! Voluntary Laboratory Accreditation
Program) accreditation from the National Institute
of Standards and Technology (formerly the
National Bureau of Standards).

Appendix C. A comparison of "real-
world", published laboratory, and newly acquired
laboratory data for four different hearing
protectors is presented in Appendix C. Present
laboratory methods were developed to produce a
measurement of attenuation for an "optimum fit"

condition. Since the 1970's, researchers in
various laboratories around the world (Abel, S.
M, Alberti, P.W., and Rick, K., 1982; Behar, A,
1985; Berger, E. H. and Kieper, R W., 1991;
Casali, J. G. and Parks, M. Y., 1991; Chung, D.
Y., Hardie, R, and Gamnon. R. P., 1983;
Crawford, D. R. and Nozza, R. J., 1981; Edwards,
R. G, Broderson, A. B., Green, W. W., and
Lempert, B., 1983; Edwards, R. G., and Green,
W. W, 1987; Edwards, R. G., Hauser, W. P.,
Moiseev, N.A., Broderson, A. B., and Green, W.
W., 1978; Fleming, R. M., 1980; Franks, J. R,
1993; Goff, R. J. and Blank, W. J., 1984; Hachey,
G. A. and Roberts, J. T., 1983; Hempstock, T. I,
and Hill, E., 1990, Mendez, A., Salazer, E., and
Bontti, H., 1986; Merry, C. J., Sizemore, C. W,
and Franks, J. R., 1992; Padilla, M., 1976;
Pekkarinen, J., 1987, Pfeiffer, B. H.,, Kuhn, H. D.,
Specht, U., and Knipefer, C., 1989; Regan, D.E,,
1975; and Smoorenburg, G. F., ten Raa, B. H,,
and Mimpen, A. M., 1986) have been
investigating the amount of attenuation workers
typically receive. They found workers generally
received much less attenuation than the optimum-
fit laboratory methods predict. The magnitude of
the difference was from 22 to 84% less attenuation
for the real-world setting than for the laboratory
seiting, Researchers at NIOSH have worked with
researchers from other laboratorics as part of an
ANSI working group to develop and test
laboratory methods that give measurements of
hearing protector attenuation that are more
reflective of real-world performance and are still
consistent from laboratory to laboratory. The new
method, called the NIOSH/ANSI method for the
purposes of this document, provides very

consistent interlaboratory results, much more
consistent than possible using the methods of
S$3.19. The method also provides mean
attenuations which are much lower than the
optimum-fit attenuations and more in accord with
real-world results, while maintaining reasonable
standard deviations.

The data in Appendix C are taken from
a presentation by Franks and Casali (1993) which
compared the results of real-world studies with the
manufacturer-published optimum-fit data and
those obtained by the new NIOSH/ANSI
laboratory method. Appendix C may be used to
determine what the various ratings would be for
field situations and for the new NIOSH/ANSI
laboratory method. At this writing, the
NIOSH/ANSI method is being prepared as an
alternate procedure in a revision of §12.6.

AppendixD.  Each device is listed
alphabetically by supplier, make, and mode in
Appendix D. Also presented are the average
attenuation values, standard deviations, and
various noise reduction ratings: Noise Reduction
Rating (NRR), High-Medium-Low Values
(HML_H, HML_M, HML L), Single Number
Rating (SNR), and Assumed Protection Values
(APY). The HML, SNR, and APV values were
calculated in accordance with ISO 48569-2 (1992)
using REAT values obtained according to ANSI
$3.19-1974 and a protection performance of 98%.
The NRR values were calculated in accordance
with the EPA 1974 Hearing Protective Devices
Labeling Regulation, 40 CFR Part 211, Subpart
B.
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CONSIDERATIONS IN THE
SELECTION AND USE OF
HEARING PROTECTORS

Although calculated noise-reduction
capabilities are important factors to consider in
the selection of hearing protection devices, several
other points should also be considered. Studies by
Casali (1992) and Riko and Alberti (1982) on the
effectiveness of hearing protectors suggest that
workers are most likely to demonstrate consistent
wear of devices that are comfortable and quick to
insert regardless of the amount of attenuation they
provide. Additional thought must be given to the
worker's physical limitations including concurrent
use of safety glasses or eyeglasses, the need of the
worker to hear warning signals, and the need to
communicate verbally. The environmental
conditions of the workplace such as temperature,
confined working spaces, or the wearing of
additional protective devices also warrant
consideration. The durability (shelf life or usefut
life) and sanitary-hygienic characteristics of each
device as well as the length of time it will be worn
are also factors that should not be overlooked. If
custom-molded hearing protectors are to be used,
it is important to ensure the expertise of those who
will both prepare the impression and form the
final earplug.

In order to assure that a worker receives
effective attenuation from a device and
consistently uses the device properly, instruction
in the fit and care of the devices should be
provided by trained personnel at least annually.

1994 Hearing Protector Compendium

Each worker should be individually fitted and
offered a choice of devices to use. Thereafter,
monitoring ennually (as a minimum) of the proper
use and fit of the protectors will reinforce their
importance and alert the worker as to the need to
replace wom or ill-fitting devices.

Ore of the lessons leamed since the EPA
1974 Hearing Protective Devices Labeling
Regulation became effective has been that ANSI
S3.19 test methods yield REATs that are much
greater than workers typically realize. An OSHA
directive calls for dividing the NRR on the label
by 2 before determining its potential effectiveness
against a particular noise. However, examination
of the data in Appendix C for the four protectors
shows that 4 universal derating factor may derate
earmuffs too much and derate some earplugs too
little. The best approach for getting the most
protection from a hearing protector is to first find
a hearing protector for each worker that he or she
will wear willingly all of the time, and then
instruct each worker thoroughly and repeatedly in
the correct use and care of that hearing protector.
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